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Sarcocystosis is a zoonotic disease caused by a coccidian intracellular protozoan parasite
of the genus Sarcocystis. More than 200 Sarcocystis species have been recorded and the
parasites are found in mammals, birds and reptiles. They require two hosts to complete
their life cycle. In Malaysia, sarcocystosis was reported as a potential emerging food and
water-borne disease after a series of large outbreak of human infections. There was not
enough attention given before even though it was reported in both humans and animals.
The ﬁrst human case of invasive muscular sarcocystosis among local Malaysian was
reported in 1975. Besides, a retrospective autopsy examination on 100 tongues revealed
21% positive cases. On top of that, a sero-epidemiological survey conducted in 243
subjects in West Malaysia showed that 19.7% had Sarcocystis antibodies. The clinical
symptoms of muscular sarcocystosis were ﬁrst described comprehensively in 1999.
Meanwhile, many types of animals including livestock were found harbor the sarcocysts
in their tissue. The ﬁrst case of human intestinal sarcocystosis was reported in 2014. This
review indicates that human sarcocystosis is currently endemic in Malaysia and parallel to
that reported in animals. However, more studies and investigations need to be conducted
since the source of human infection remains unknown.1. Introduction
Sarcocystosis is a zoonotic disease caused by a coccidian
intracellular protozoan of the genus Sarcocystis. Sarcocystis spp.
requires two hosts to complete its life cycle; with sexual
reproduction in the intestine of carnivores or omnivores (deﬁn-
itive host) and asexual reproduction in the tissues of herbivores
(intermediate hosts) [1]. It was ﬁrst observed in 1843 by
Miescher as white threadlike cysts and simply known as
Miescher's tubule for 20 years [1]. To date, there are more than
200 Sarcocystis species recorded in the world and the
parasites can be found in the tissues of mammals, humans,
birds, reptiles and probably in ﬁsh [1,2].
There are two forms of sarcocystosis inﬂicting in man; in-
testinal and muscular. Intestinal sarcocystosis is acquired whenhumans eat raw or undercooked meat which harbors the cystic
stage of the parasite. Man becomes the deﬁnitive host after the
ingestion of raw beef or pork infected with Sarcocystis hominis
(S. hominis) and Sarcocystis suihominis (S. suihominis), respec-
tively [2]. If acquired, it can cause gastroenteritis. However, in
most people, the infections are asymptomatic and self-limiting
[1,2]. Muscular sarcocystosis infection is acquired by the
ingestion of contaminated food and water with sporocysts [3].
In this case, the parasite forms the muscular type in which
consequently cause clinical signs such as fever, myalgia and
arthralgia. Generally, based on early reports, the prevalence of
human extra intestinal sarcocystosis was considered low with
only less than 100 cases reported worldwide [1].
In Malaysia, muscular sarcocystosis was reported as a po-
tential emerging food-borne zoonosis after a series of large
outbreak of human infections. However, there was not enough
attention given before even though it was reported in both
humans and animals. Therefore, the aim of this review is to
provide the latest updates regarding sarcocystosis in humans and
animals in Malaysia.
2. Human muscular sarcocystosis
Historically, the ﬁrst case of muscular sarcocystosis in
Malaysia recorded involving an English man who had returnednder the CC BY-NC-ND license (http://
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reported by Jeffrey in 1974, in patient who also had returned
to U.K from Malaysia [5]. However, the ﬁrst human case of
extra-intestinal sarcocystosis among local Malaysian was re-
ported in 1975 which involved a Malay man [6] followed by an
incidental ﬁnding of sarcocyst in nasopharyngeal/oropharyngeal
tissues of an Orang Asli girl with malignancy [7] within the same
year. Since that, a total of ~13 cases of invasive muscular
sarcocystosis have been reported sporadically until 1992 [8–10].
However, most of the ﬁndings were incidentally taken from
autopsied/biopsied specimens with no symptoms described. In
addition, most of the cases were associated with malignancies.
Nevertheless, seroprevalence study conducted in 1978 showed
that 20% out of 243 respondents from four main ethnic groups
in Malaysia had antibodies for Sarcocystis, indicating the
endemicity of the disease [11]. On top of that, examination of
human tongue tissue in 100 routine autopsies revealed a
prevalence rate of 21% [12].
The clinical symptoms of the infection were ﬁrst described
in Malaysia after the ﬁrst outbreak reported in 1999
involving 7 out of 15 US servicemen [13]. Acute manifestations
including fever, myalgia and bronchospasm were noted and
extensive investigation showed transient lymphadenopathy and
subcutaneous nodules associated with eosinophilia, raised
erythrocyte sedimentation rate, and elevated levels of muscle
creatinine kinase. Muscle biopsy examination from one patient
revealed microscopic sarcocysts. No more case of human
sarcocystosis has been reported since 1999 until two large
outbreaks of probable acute symptomatic muscular sarcocystosis
which happened recently among travelers in two Malaysian
islands (Figure 1), Tioman Island is located 32 km off the East
Coast of Peninsular Malaysia, while Pangkor Island is located in
Perak, 3.5 km off the West Coast of Peninsular Malaysia.
The outbreak were known to start during the late summer of
July–August 2011 after Geo Sentinel (The surveillance program
of the International Society of Travel Medicine and Centers for
Disease Control) reported at least 32 acute cases of extra-
intestinal sarcocystosis suspected among travelers upon return-
ing home from Tioman Island [14]. Most of them were from
Germany while the others were from Europe, North America
and Asia. The clinical symptoms of fever and severe muscle
pain were recorded within days and weeks in addition to the
laboratory ﬁndings which had shown peripheral eosinophilia
and the rise of serum creatinine phosphokinase level. Further
results from muscle biopsy taken from two patients had
revealed the possibility of sarcocystosis in the patients [15,16].Figure 1. Location of the reported cases of human muscular sarcocystosis
in Malaysia.Following that, a survey for sarcocystosis was conducted soon
after the outbreak in Tioman Island by Malaysian authorities
but no trace of Sarcocystis parasites were found in humans,
animals or in the water samples during that time [14]. A small
number of samples was the limitation of the study. Moreover,
no wild life was included for the screening of the study.
Approximately few months to one year later (July–August
2012), another wave of outbreak involving 65 people from
various nationalities and with the history of travelling to Tioman
Island were identiﬁed [17] with having almost similar symptoms
as reported before. This second group of patients formed a total
of 100 cases suspected with muscular sarcocystosis. Muscle
biopsy taken form eight patients revealed that six of them had
myositis and intramuscular cysts were identiﬁed in two patients
[17]. Slesak and his colleagues in their further investigations
involving 26 patients in German reported that the incubation
period was approximately 2 weeks with biphasic development
[18]. The third wave of extra intestinal sarcocystosis-like illness
was suspected in May 2014 comprising 6 German patients [19].
All patients suffered from fever, myalgia and headache. No
muscle biopsies were taken. However, the history, clinical
symptoms and laboratory ﬁndings had shown the possibility of
sarcocystosis.
Another concurrent outbreak of symptomatic sarcocystosis
was reported within the same time frame (January 2012) but
from different vicinity. From 92 college students and teachers,
89 of them were identiﬁed with symptoms including fever,
myalgia, headache and cough after visiting Pangkor Island [20].
Molecular detection from biopsied specimens of 4 patients had
revealed that the infection was caused by Sarcocystis nesbitti
(S. nesbitti) [20–22]. Non-Malaysians were noticed to experi-
ence the symptoms longer and severe than the Malaysians [21].
Phylogenetic analysis suggested the source of infection was
probably from snakes [22], but until now, the ﬁndings are still
uncertain.
Therefore, following the latest outbreaks, it is now postulated
that the possible source of infection of human muscular sarco-
cystosis in Malaysia is the contamination of food and water with
sporocysts of S. nesbitti excreted with snakes (deﬁnitive hosts).
Historically, the species was ﬁrst discovered in the skeletal
muscle of a rhesus monkey in China [23]. Through intensive
research conducted in Malaysia in search for the clue and
source of infection, S. nesbitti have been identiﬁed in the fecal
sample of Naja khaoutia (cobra) and in reticulated python by
molecular analysis [24]. The latter ﬁndings suggested the
possibility of snake as the source of infection with rhesus
monkey or rats probably serve as intermediate host (Figure 2).
The summary of human muscular sarcocystosis in Malaysia is
shown in Table 1.
The spectrum of clinical symptoms is broad and varies
among individual ranging from asymptomatic to chronic and
prolonged form of infection in which can also cause relapse [32].
Myalgia with or without fever, > 5% eosinophilia, elevated
serum creatinine phosphokinase levels, myositis and negative
trichinellosis and toxoplasmosis by serology are considered as
the most important parameters for acute muscular
sarcocystosis [32]. It was noted that the elevated level of blood
eosinophils and serum creatinine phosphokinase were
prominent during the late phase (~4 weeks post-departure) of
period [19,32].
Generally, there is no deﬁnite treatment for human muscular
sarcocystosis. The infection is usually mild and self-limiting in
Table 1
Reported cases of human muscular sarcocystosis in Malaysia during 1965–2
Country of
patients
No. of
cases
Location Summary
United Kingdom 1 EM A biopsy (leg) for wea
the arms and legs, high
eosinophilia
United Kingdom 1 PM A biopsy (pectoral) for
swelling and high eosin
Malaysia 1 PM Malay man with hoarse
voice. Incidental ﬁndin
biopsy (laryngeal)
Malaysia 1 PM Orang Asli girl with
malignancy. Incidental
at autopsy (oropharyng
Malaysia 1 PM Incidental ﬁnding at bi
(ﬂexor muscle)
Malaysia 1 PM Incidental ﬁnding at au
revealed immature cyst
Malaysia 3 PM Incidental ﬁnding at bi
(vastus lateralis, deltoid
muscle)
Malaysia 1 PM Incidental ﬁnding at bi
(tongue muscle)
Malaysia 2 EM Incidental ﬁndings foll
biopsy (nasopharynx) a
with malignancy.
Malaysia 1 PM Incidental ﬁndings foll
biopsy
3 PM Incidental ﬁndings foll
biopsy
21 PM Study on routine autop
specimens (tongue mus
2 PM Two women with neop
conditions. Incidental ﬁ
biopsy.
United State 7 PM Outbreak among Amer
soldiers. Fever, myalgi
bronchospasm, rash,
subcutaneous nodules,
eosinophilia, high eryth
sedimentation rate, hig
creatinine kinase.
Intermediate 
host ingested 
by snake
Monkey/ 
rodent? 
(Intermediate 
hosts)
Cysts in the 
muscle
Sporocyst in 
snake faeces
Contaminated
food or water
Man (incidental 
intermediate host)
Snake (Definitive host) 
species reticulated 
python/Cobra
Figure 2. Possible sources of infection with human muscular sarcocystosis
in Malaysia.
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agents such as albendazole or ivermectin are used to suppress
the symptoms of the infection. Oral steroids such as prednis-
olone (used for severe myalgia to reduce inﬂammation asso-
ciated with muscular involvement) have been used for
treatment in some of the cases [19,32]. Metronidazole and
cotrimoxazole (antibacterial) are used for eosinophilic
myositis. Recent investigation following the outbreak cases
of muscular sarcocystosis in Tioman Island indicated the
effectiveness of cotrimoxazole in prolonged symptoms of the
disease [31].
3. Animal muscular sarcocystosis
Sarcocystis species requires alternate intermediate host (prey)
– deﬁnitive host (predator) relationship to complete the life cy-
cle. In Malaysia, sarcocysts have been found in the muscle tissue
of a variety of wild animals (intermediate hosts) including slow
loris [33], long tailed monkey [34], and rodents [35,36]. Apart from
that, muscular sarcocystosis was reported in mammals and birds
with 15% and 20% infection rate respectively in a study014.
Biopsy/Autopsy
ﬁndings
(sarcocyst)
Species Reference
kness of + − [4]
muscle
ophilia
+ − [5]
ness of
g at
+ − [6]
ﬁnding
eal)
+ − [7]
opsy + − [9]
topsy + − [8]
opsy
, biceps
+ − [25]
opsy + Resembling
Sarcocystis
booliati
[26]
owing
ssociated
+ − [27]
owing + − [28]
owing + − [29]
sy
cles)
+ in 21 samples − [12]
lastic
nding at
+ − [30]
ican
a,
rocyte
h
+ in 1 patient − [13]
(continued on next page)
Table 1 (continued )
Country of
patients
No. of
cases
Location Summary Biopsy/Autopsy
ﬁndings
(sarcocyst)
Species Reference
Germany, France,
EU countries,
Canada,
Singapore
~100 Tioman
Island
First and second outbreak
(2011–2012) among travellers.
Fever, myalgia, arthralgia,
asthenia, headache, cough,
diarrhea, pruritic rash, edema,
+ in 6 patient S. nesbitti (PCR) [14,15,17,18,31]
Malaysia, China,
Nepal, Korea,
Indonesia, Others
89 Pangkor Island Outbreak (2012) among both
Malaysian and non-Malaysians.
Fever, myalgia, facial swelling,
cough, headache.
+ in 3 patients S. nesbitti (PCR) [20–22]
Germany 6 Tioman Island Suspected third wave of
outbreak (2014) among
travellers. Fever, headache,
myalgia, arthralgia, neck pain.
Not done Not identiﬁed [19]
EM: East Malaysia; PM: Peninsular Malaysia; +: Sarcocystosis/cysts are seen microscopically; −: The exact species was not mentioned nor identiﬁed.
Figure 3. Sporocyst in dog's fecal sample (100×).
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Meanwhile, in livestock (Table 2), sarcocysts have been iden-
tiﬁed in water buffaloes [38–41], sheep [42,43], goats [43,44] and
cattles [41,43,45].
The infection is usually mild and animals with muscular
sarcocystosis seldom show any symptoms. However, some
species are known to cause pathological effects in meat-
producing animals including anorexia, anemia, weight loss,
muscle weakness, lymphadenopathy, abortion, and eventually
death in severe infections [2]. The severity might be inﬂuenced
by species of the Sarcocystis parasite, intensity of the infection
and the condition of the animal (during pregnancy or lactation,
stress) [2]. Sarcocystis cruzi (S. cruzi) in cattle is the most
prevalent and pathogenic [46]. However, the parasites are
usually seen mainly as an incidental ﬁnding at necropsy.
Even though many reports have been established in
Malaysia, the information regarding the source of infections (the
deﬁnitive hosts) are relatively undetermined. The intermediate
host/prey becomes infected by ingesting contaminated food/
water or environment with the sporocysts shed in the feces of the
deﬁnitive hosts (Figure 3) [2]. Cats and dogs are known as the
deﬁnitive hosts for Sarcocystis fusiformis (S. fusiformis) and
Sarcocystis levinei, respectively [38,40]. Complete life cycle
also was documented for Sarcocystis orientalis/Sarcocystis
singaporensis, Sarcocystis villivillosus and Sarcocystis zamaniTable 2
Muscular sarcocystosis among meat producing animals in Malaysia.
Type of animal Number of samples Type No. of posi
Water buffaloes Not recorded Macroscopic 0 (0
Water buffaloes Not recorded Microscopic 0 (0
Sheep 72 Microscopic 38 (5
Water buffaloes 18 Microscopic 12 (6
Cattle 102 Microscopic 37 (3
Sheep 43 Microscopic 37 (8
Goats 89 Microscopic 55 (6
Cattle 77 Microscopic 22 (2
Goat 105 Microscopic 55 (5
Cattle 11 Microscopic 11 (1
* :The positive rate was based on microscopic examination result; Sarcocystis
S. capracanis; −: The exact species was not mentioned nor identiﬁed.in rats (Rattus norvegicus), which a Malaysian snake python
served as the deﬁnitive host [47].In sheep, four species of Sarcocystis have been documented.
S. ovicanis and Sarcocystis arieticanis are pathogenic, form
microscopic cysts, and are transmissible by dogs while Sarco-
cystis ovifelis and Sarcocystis medusiformis are non-pathogenic,
form macroscopic cysts, and transmissible by cats. In goats,
there are two microscopic forms: Sarcocystis capricanis andtive [n (%)]* Sarcocystis sp. Deﬁnitive host Reference
.0) S. fusiformis Cats [40]
.0) Sarcocystis levinei Dogs [38,39]
2.8) Unknown – [42]
6.7) Unknown – [41]
6.2) S. cruzi Dogs [41]
6.0) S. ovicanis Dogs [43]
1.8) S. capracanis Dogs [43]
8.6) S. bovicanis Dogs [43]
2.4) S. capracanis Dogs [44]
00.0) S. cruzi Dogs [45]
ovicanis: S. ovicanis; Sarcocystis bovicanis: S. bovicanis; S. capracanis:
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In cattle, the transmission of S. bovicanis is via canids, Sarco-
cystis hirsute is via felids and S. hominis is via human [4]. PCR
studies in Malaysia have identiﬁed S. ovicanis, S. capracanis,
and S. bovicanis for sheep, goats and cattles, respectively [43].
Species identiﬁcation either by molecular detection or
ultrastructural studies is crucial because some species are more
pathogenic to the livestock and most importantly, to detect the
zoonotic species such as S. hominis.
4. Human and animal intestinal sarcocystosis
Human serves both as the deﬁnitive and intermediate hosts
in the parasite's life cycle. The known species where man is
conﬁrmed as a deﬁnitive host are S. hominis and S. suihominis
which can be acquired from infected beef and pork, respec-
tively [2].
Only one case of intestinal sarcocystosis has been reported in
Malaysia involving an asymptomatic female Orang Asli from
Temiar group [48]. However, the exact species was not
determined in latter study as diagnosis was only performed by
microscopic examination. It is speculated that the prevalence
of intestinal sarcocystosis is underreported due to a lack of
study conducted in Malaysia and the symptoms are usually
mild or self-limiting. Most of the symptomatic cases found in
natural-acquired or experimental study in other countries re-
ported that the infected patients or volunteers experienced
nausea, vomiting, acute or chronic diarrhea and abdominal pain
[1]. The range of the clinical manifestations depends on the
intensity of infection or the species of the Sarcocystis
parasites. Sarcocysts from pork is believed to cause more
serious problem than beef [2].
5. Diagnosis
The diagnosis of muscular sarcocystosis is usually made by
detection of macroscopic or microscopic cysts (Figure 4) in the
tissue sample of skeletal muscle, tongue, esophagus, diaphragm
and heart. Macroscopic cyst can be seen by naked eyes, but it is
restricted to a few species such as S. fusiformis in water buffalo
and S. nesbitti in long tailed monkey [49]. The cysts are spindle
to oval in shape, two stages are recognized, the peripheral
metrocytes and large numbers of centrally located banana-
shaped bradyzoites. Sizes of cysts and bradyzoites vary among
species. These differences in the size of the cysts and internal
structures could attribute to the cyst age and strains of the
Sarcocystis spp.Figure 4. A: Macroscopic sarcocysts in animal muscle tissue; B: Micro-
scopic sarcocyst in animal muscle tissue. H&E 100×.The actual prevalence of muscular sarcocystosis needs to be
addressed carefully due to the difference in approached diag-
nostic. Direct muscle/tissue compression between two glass
slides is considered as the most rapid and easiest method for
microscopic examination. The technique has been used widely
in Malaysia [37,41,43,44], but its sensitivity is low [44]. To improve
the detection, Ng et al. has suggested the use of modiﬁed
methylene blue staining (without acetic acid) in a tissue
compression technique [50]. Moreover, the latter technique was
reported to have a moderate agreement with nested PCR.
Therefore, it would be useful in examining large numbers of
samples.
Other methods used for microscopic examination are histo-
logical examination with H&E or Giemsa staining and peptic
digestion and immunoﬂuorescent [51]. In Malaysia, indirect
ﬂuorescence antibody technique method was used to detect the
prevalence of antibodies to Sarcocystis, but some serum
showed positive reactions to Toxoplasma as well [11]. Whether
due to cross reaction or poly-parasitism, it could not been
justiﬁed. For the identiﬁcation of the species, most of the pre-
vious studies depended on the morphology, size of the cyst
(Figure 5) and the thickness of the cyst wall. Electron micro-
scopy was commonly used to differentiate the structure of the
sarcocysts [34,38].
Lately, molecular-based techniques (PCR) have been used
frequently especially for the identiﬁcation of the species due to
its reliability and accuracy. However, it should be incorporated
with other standard detection methods for sarcocystosis [44].
The ﬁnal diagnosis is still by looking at the presence of
sarocysts in the autopsied, biopsied or necropsied specimens.
In Malaysia, S. ovicanis, S. capracanis, S. bovicanis and the
latest S. nesbitti, Sarcocystis singaporensis and Sarcocystis
zuoi have been identiﬁed by molecular techniques
[20,22,43,45,47].
For intestinal sarcocystosis, diagnosis is usually made by
the detection of oocyst/sporocyst in the stool sample of
humans or animals (predators/deﬁnitive hosts). Generally,
acid-fast stain such as Ziehl–Neelsen staining is used to
demonstrate apicomplexan parasite including Sarcocystis spe-
cies. However, the latter technique is limited to the time of
sporocysts excretion. According to Dubey, the pre-patent pe-
riods for S. hominis and S. suihominis are 14–18 days and 11–
13 days, respectively [2]. To the best of our knowledge, onlyFigure 5. Different size of microsarcocysts from animal tissue.
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Malaysia by microscopic examination but the species could
not be determined [48]. While in animals, intestinal
sarcocystosis infection is commonly detected by mucosal
scrapings during the post mortem rather than stool
examination.
Considering the limitations, molecular studies could be the
best way to identify the Sarcocystis parasite. Latest ﬁnding by
Lau et al. (2013) has identiﬁed Sarcocystis spp in the stool
sample of snakes located in Malaysia by phylogenetic analyses
based on 18S rRNA sequenced data [24]. Still, both microscopy
and molecular analysis are important and should be incorporated
together for future studies.
6. Conclusion
Extra precautions should be undertaken to avoid the in-
fections. Following recent outbreaks, Centers for Disease
Control has suggested few recommendations for safe food
and water consumption. Any person who is experiencing fe-
ver or prominent myalgia with travelling history to Tioman
Island/Pangkor Island or any tropical countries is encouraged
to seek some medical checkup. Human is most likely to ac-
quire the infections by accidental ingestion of sporocysts shed
by some carnivorous or predatory animals which would have
acquired the infection by ingesting sarcocysts found in the
herbivorous intermediate host. Human sarcocystosis is
endemic in Malaysia and parallels to that reported in animals.
It is suggested that the possibility of snake as the source of
infection with rhesus monkey or rats may serve as the inter-
mediate host.
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